Abstract Lung cancer is leading site of cancer in Indian males today. The incidence is on the rise. It is generally diagnosed in late stages. The progression free survival and overall survival still remains low. Majority of oncology research today is driven towards molecular profiling of lung cancer. Receptor tyrosine kinases have emerged as major molecular markers and targets. These are the results of gene mutations or amplifications. There are many developed targets where therapeutic option is available like EGFR, ALK, MET, KRAS and so on. This review features on few important molecular profiles of lung cancer, especially with more therapeutic implications.
There are about 1 million new cases of cancer diagnosed every year in India. Lung cancer has emerged as number one cancer in Indian metros [1] . As a single disease it is most common cancer in males. Annually about 11 % of all cancer in males constitute lung cancer. Various regions of the country have large differences. The age adjusted rate in males in Delhi is about 13.5, whereas same in Aizwal is 42.5. The treatment is based upon multiple factors mainly histology and stage. Nonsmall cell lung cancer forms the major bulk.
Lung cancer is generally diagnosed in locally advanced or metastatic stages. Most patients with advanced non small cell lung cancer (NSCLC) are treated with chemotherapy regimens that provide an overall survival of less than 1 year. Platinum base doublet is the standard of care in non surgical cases which constitute majority. The survival still remains low. Due to these poor clinical outcomes there has been substantial research into the mechanisms of pathogenesis of this disease. These advances in molecular biology and pathogenesis of NSCLC provide insights into potential therapeutic targets. Investigators have identified multiple processors that are responsible to the contribution of tumour progression and responsible for cell growth.
Molecular Profiling and Testing in NSCLC
Through molecular diagnostics tumour cells may be distinguished based on the presence or absence of receptor proteins, driver mutations, or oncogenic fusion rearrangements. Over the last decade growing number of various markers EGFR, ALK, KRAS, HER2, MET, BRAF, PIK3CA, MEK1, NRAS, AKT1, ROS1 have been identified in NSCLC. Multiple mutations may occur in multiple oncogenes leading to transcription of mutated signals. This leads to change in protein structure, copy number. Similarly it may lead to various abnormal combinations of proteins. The basic consequence of such a mutation is induction and sustenance of tumorigenesis. These so called driver mutations are common in kinase genes. They may be seen in all subtypes of non small cell lung cancer. Adenocarcinoma in particular is likely to possess therapeutically amenable mutations. Interestingly they may have some clinical correlations. Like females, non smokers are more likely to harbor EGFR mutations. The more common and most studied mutations include EGFR, ALK, HER2, RET and ROS1. This review will deal with few of these molecular oncogenetic abnormalities (Table 1) .
Biomarker status is quickly becoming an important tool based on which treatment is decided. There are more and more drugs which are being incorporated into this list. For example positive EGFR mutation status shows greater response to TKI's, low ERCC1 expression is associated with greater response to platinum chemotherapy and RRM1 expression with greater response to gemcitabine.
ERCC1 is repair protein which repairs damaged DNA. NSCLC tumors have been found to harbor mutation in this gene. It may be playing role in carcinogenesis. But in case of carcinoma lung it plays a unique predictor role. It has been observed that high ERCC1 activity is associated with resistance to platinum drugs. That means a standard doublet using a platinum compound may not be effective in patients with high ERCC1 Expression. Nucleoside excision repair is the primary DNA repair mechanism that removes platinum-DN compound from tumor DNA. It possible to do ERCCC1 measurement in the lab today and is being clinically utilized.
RRM1 gene is gene encoding ribonucleoside-dipsophate reductase large subunit. This enzyme is extremely important for the production of deoxyribonucleotides prior to DNA synthesis by a cell. The location of this gene is on 11p15.5, close to tumor-suppressor genes. Changes of this region have been recorded in various tumors including NSCLC. RRM1 is a molecular target for the drug gemcitabine [2] . So changes in the levels of RRM1 interfere with the efficacy of gemcitabine, higher levels are associated with low response rate. This particular expression can well be studied in individual patients. This warrants analysis of these genes ERCC1 and RRM1 in patients where usage of gemcitabine and platinum is being considered. There are no exact guidelines on this as of now but there is lot of data accumulation going keeping these molecules in the hypothesis.
Signal Transduction
Cell growth is initiated with a signal from outside the cell. Signal transduction is one of such mechanisms. This signal acts on the receptors which are situated outside the cell membrane and they then transmit the signal inside the cell through the intracellular domains. This leads to the downstream activation of multiple pathways which ultimately leads to cell growth, differentiation, migration and proliferation.
Receptors have to receive activation signal before they start signaling below and downstream. The signaling is increased when there is overexpression of the receptors that means there are multiple receptors on the cell surface to get the growth signal. Sometimes there is mutation in the receptors. These mutations also lead to over signaling downstream thereby promoting growth and other associated processes. If we are able to lock the receptors or the downstream pathway then it is possible to halt the process of growth. In other words this may lead to apoptosis. There is a special group of targeted molecules which act either on the external receptors or on the pathway and causes inhibition. Tyrosine kinase inhibitor are such a group.
EGFR
The ERB family is a group of receptors on cell surface in nonsmall cell lung cancer. This family of receptor TKI is that control major intracellular signaling pathways. These pathways are responsible for ultimate survival of the cancer cells. There are major receptors like-EGFR or ERRB1, B2, B3 and B4 also termed as HER1/HER2/HER3/HER4. All of them play an important role in cell signaling. Generally in response to extracellular growth factor, which binds to 2 ligands which in turn form a dimer activating downstream signaling. Once activated the EGFR then phosphorylates its substrates resulting in downward chain reaction. The two major downsignaling pathways are RAS-RAF-MEK-ERK pathway responsible for cell proliferation and PI3K-AKT-mTOR pathway determining cell survival. These are multi chain reactions, meaning every partner in the chain may play an important role.
EGFR mutations occur in approximately 10 % to 15 % of NSCLC tumours and other oncogenic drivers in these tumours. More than 20 to 30 % of adenocarcinoma have These mutations increase the tyrosine kinase activity. In addition EGFR overexpression and gene amplification have been observed in patients with non-small cell lung cancer. T790 M is a point mutation in the ATP binding pocket of EGFR that can render NSCLC tumours unresponsive to first-generation EGFR TKIs although the T790 and mutation has been reported in 2 months prior to therapy with an EGFR TKI patients may develop resistance to firstgeneration TKIs. This mutation which may be either intrinsic or acquired renders these tumours unresponsive to firstgeneration EGFR tyrosine kinase inhibitors. The T790M mutation can be found in approximately 50 % of the patients who become resistant the first condition of EGFR tea caddies. Thus the tumour may ultimately harbor both an activating mutation EGFR and T790M.
In majority of tumors the EGFR may be wild type. This confers reduced efficacy to TKIs. Despite this the drugs may still be effective. For example erlotinib is approved in second-third line irrespective of EGFR status. Mutations in the EGFR domain are in majority of the cases-non overlapping with other mutations in NSCLC like KRAS mutations, ALK gene rearrangements.
AKT 1
This is serine-threonine protein kinase, which is one of the members of the family AKT2 and AKT3 [3] . It also plays role in many cell processes, like other kinases namely growth, survival, proliferation, angiogenesis. The major downstream pathway for this domain is PI3K pathway.
The incidence of mutation in this domain is about 1 % of NSCLC [3] . The drugs to target this mutation are in very early stages of development. This mutation is generally seen in tumors with wild type EGFR, ALK mutations.
ALK
ALK is a receptor tyrosine kinase, otherwise called as anaplastic lymphoma kinase, is seen in multiple cancers. ALK fusions are commonly found in anaplastic lymphomas, colorectal cancer, ovarian cancer. These fusions have been found in NSCLC [4] . Nearly 3-7 % of lung tumors have ALK fusions [5, 6] . They have been more commonly observed in never smokers or light smokers, in patients with younger age and adenocarcinomas particularly with acinar histology [7] or signet ring cell histology [8] . There are many ALK rearrangements in NSCLC. The commonest is EML4-ALK fusion genes. Like other markers these fusions are generally non-overlapping with other mutations.
This receptor has already gained clinical relevance and importance. Thanks to the positive trial with drug-crizotinib it was possible to get good progression free survival of 72 % in patients with ALK fusion positivity [8] . Crizotinib being dual kinase inhibitor inhibiting ALK, MET and ROS 1 kinases The test has already become part of routine armamentarium for NSCLC.
The other trials with HSP90 are on. It is believed that patients harboring this fusion show less responsiveness to EGFR TKI's [9] . Availability of this and other molecukla5r markers is bringing us closer to achieving the goal of personalized treatment.
BRAF
It belongs to the group of serine-threonine kinases. It plays vital role in MAP kinase pathway through activation of MEK. Mutation of BRAF has been implicated in tumorogenesis of many cancers mainly melanoma, NSCLC. In melanoma this has already achieved a role of important therapeutic target. Thanks to this there is increased interest to further study it in many cancers, but mainly in NSCLC. Lung cancer do harbor this mutation in 1-3 % of patients, majority of whom are adenocarcinoma more often found in former/current smokers [10] . This mutation also is generally non-overlapping with other mutations in NSCLC. Multiple trials in this situation are already on going. Mutations giving rise to BRAF proteins are associated with decreased sensitivity to gefitinib [11] .
KRAS KRAS is one of the genes from RAS family. Proteins produced by these genes are central mediators of growth factor receptor signaling and hence responsible for cell properties. RAS can activate both PI3K and RAS-RAF pathway. Many tumors have found to have role of this genes, mainly colon cancer [12] . Incidence of KRAS mutation in lung adenocarcinoma is about 15-25 %. Like many other mutations they are not common in squamous cell lung cancers. Similarly with other genes explained above this is generally a non-overlapping mutation, that mean in tumors who do not EGFR or ALK mutation there is more chance of having KRAS mutation. This information is being further investigated in clinical trials. There are more than 25 trials presently underway trying to target information from KRAS gene. Generally patients with KRAS mutation have low response gefitinib and erlotininb [13] .
MET
The MET gene is located on 7th chromosome. This gene is site for encoding receptor tyrosine kinase. Like other tyrosine kinase receptors this receptor after phosphorylation also regulates downstream signaling. Both the pathways PI3K-AKTmTOR and RAS-RAF-MEK-ERK pathways get activated. This receptor is activated in many tumors. This molecular marker is activated in 100 % of papillary renal cell cancers and cancers like head and neck, HCC. NSCLC and few small cell lung cancer tumors also possess this mutation [14] . Along with mutation amplification is also noticed in many tumor tissues. In NSCLC mutations and amplifications have been reported. About 2-4 % of tumors of NSCLC show MET amplification. Interestingly 5-20 % of patients with EGFR mutations or with acquired resistance to EGFR TKIs have been found to have MET amplification. The mutations are generally germline mutations. There are assays available to test both mutations and overexpression. MET protein has also been seen to be elevated in tumor tissue from lung cancer. It is associated with poor prognosis [15] .
There are multiple TKIs, as well monoclonal antibody available with activity against MET. These trials are on in NSCLC.
ROS1
This is a tyrosine kinase receptor from insulin family. Role of ROS 1 fusions in NSCLC has been evident for last few years [16] . Nearly 2 % of patients have these fusions. The incidence is higher in light and never smokers, in younger population. They are as well non-overlapping mutations. There is ROS inhibitor already available for trial. In fact ALK inhibitor crizotinib has also shown some activity. These patients show lesser sensitivity to EGFR TKIs.
Summary
Lung cancer is one of the greatest challenges in oncology. The survival is still very low. Newer insights in to molecular biology are helping us in locating various subtypes. It has become obvious that non small lung cancer is a group of diseases, which behave differently and respond to treatment differently. As of now there are few important targets which have been defined-EGFR, ALK, MET, KRAS, BRAF. A lung cancer specimen should be studied for EGFR and EML4ALK mutations. ERCC1 and RRM1 gene analysis should also be done in select cases. These investigations as well drugs targeting these anomalies are already available in the country. There are many such markers. Extensive research and trials are on to find there clinical relevance and therapeutic potential. There availability in particular tumor is crucial for selecting patients. They may either be mutated and or amplified. There relative positivity to one another is also important. Present day management has to base the decisions on availability of this information in particular patient. Personalised treatment is becoming the theme of the day.
